Background: A traditional method for depth of intubation in adult patients is taping the endotracheal tube (ETT) at the upper incisors a distance of 21 or 23 cm for women and men respectively (21/23 method). A novel "topographical" measurement for estimating proper intubation depth has been suggested as a better depth predictor compared to the 21/23 method.
Introduction
The depth of tracheal intubation requires special precaution, as an ETT placed too deep can result in a collapsed lung with subsequent hypoxemia; conversely too shallow of an insertion may damage the vocal cords or become dislodged. It has been found that 39% of intubations result in complications and successful ETT placement on first attempt are highly correlated with level of experience [1] . Dronen et al. originally suggested that placing the ETT at a distance between 20 and 23 cm, at the corner of the mouth, would result in fewer right mainstem bronchial intubations [2] . Following these guidelines, Owen et al established a simple method for the insertion of an ETT placing the tube at a depth of 21 cm and 23 cm, at the upper incisor teeth, for women and men respectively [3] . This method however has revealed instances of endobronchial intubation and undesired tracheal depth [4] [5] [6] . A 2007 study by Evron et al. introduced the "topographical method", measuring anatomical landmarks, to estimate the proper ETT insertion depth [6] . The proposed benefit for this method is individual measurements accounting for anatomical variations of the head and neck versus a fixed measurement (21 or 23 cm) based on gender. The 21/23 method was compared to the topographical measurements for percentage of ETTs placed at a "best" tip position (4 cm above the carina). Superior results were found with the topographical method [6] . Polyurethane high-volume low-pressure (HVLP) cuffed endotracheal tubes (ETTs) are gaining wider use amongst clinicians. These ETTs feature longer cuffs made of ultrathin material (10 μm) which reduce fluid and air leakage [7] and ventilator associated pneumonia [8] [9] , when compared to standard polyvinyl high-pressure low volume cuffed ETTs. Despite these benefits, our group has observed these ETTs significantly migrate from their fixed tracheal positions following neck flexion and extension [10] . These different cuff dimensions may affect the location of ETTs when utilizing previously applied intubation methods. The goals of this study were to evaluate if topographical measurements are superior to the 21/23 method in estimating proper ETT depth for tracheal intubation. The percentage of ETTs placed within our desired ETT tip to carina range of 2-4 cm was our main outcome. Secondarily, we prospectively evaluated the usage and efficacy of a HVLP polyurethane cuffed ETT with these two methods. We hypothesized that the previous findings with the topographical method could be reproduced, establishing a simple and effective intubation method.
Materials and methods

Selection and description of participants
The University of South Florida IRB approved the study protocol. All patients participating in the study signed a written informed consent. One hundred patients (50 males, 50 females) undergoing elective surgery, requiring routine intubation and general anesthesia at Tampa General Hospital, were enrolled in the study between February 2011-July 2011. Patients with upper airway or pulmonary complications, neck and/or chest distortion, previous difficult intubation, or patients at risk for pulmonary aspiration for gastric content were excluded from this study. All patients enrolled were American Society of Anesthesiologists (ASA) physical status I or II.
Technical information
Induction of anesthesia was obtained by administration of 2-3 mg/kg of propofol, 100mg of lidocaine, and 1.5 ug/kg of fentanyl. After induction, neuromuscular relaxation was obtained for intubation by administering 100 mg of succinylcholine. Patients received mechanical ventilation with 1-2% sevoflurane in oxygen-enriched air. Patients were placed supine, with the head and neck in the sniffing position, back and shoulders flush with the bed surface, and a folded towel under the occiput during intubation. Standard monitors were applied in the operating room to monitor vital signs, including blood pressure, heart rate, and oxygen saturation (SPO2). All ETTs used were Kimberly Clark MicroCuff ® ETT (Neenah, WI). All tubes used were uncut and had an internal diameter of 6.5, 7, 7.5, or 8 mm (Table 1) . ETT size was determined by the discretion of the anesthesiologist based on gender, patient height and weight.
Study design
After neuromuscular relaxation was obtained, all patients were intubated following the 21/23 method [11] : a depth of 21 or 23 cm for woman and men respectively measured at the upper incisors. After initial placement, the ETT tip to carina distance was measured fiberoptically. All ETTs were then repositioned to an "ideal" distance of 4cm proximal to the carina, to standardize all patients to a safe tracheal depth, and left in place until extubation. Additionally, topographical measurements were obtained in all patients and recorded. These values were used to determine the insertion depth this method would place the ETT. The ETT tip to carina distance was calculated for each patient based off of the distance measured following the 21/23 method. These distances were then compared to the 21/23 method for percentage of intubations that fell outside of our desired ETT tip to carina range of 2-4 cm. Additional data collected included: age, height, weight, body mass index (BMI), and Mallampati class ( Table 1 ). The following fiberoptic measurements were also recorded: The distance of the vocal cords to the gum line at the incisors, the distance of the vocal cords to the carina and the top of ETT cuff to vocal cords after placement of the ETT at 4 cm above the carina ( Table 2 ). The carina to vocal cords distance was visualized through the ETT by the fiberoptic bronchoscope.
Method of topographical measurements
With the ETT secured in place, measured anatomical landmarks were obtained, using a standard metric ruler (cm), by the summation of: the distance from the mandibular angle to the corner of the mouth and the distance from the mandibular angle to the sternal notch (Fig.1 ).
Measurement of ETT tip to carina distance
To evaluate the ETT tip to carina distance, a fiberoptic bronchoscope (Olympus LF-GP, Center Valley, PA) and a standard metric ruler in centimeters (cm) were used to determine the actual tip to carina distances (Fig. 2) . All fiberoptic evaluations were performed by the same anesthesiologist (DM).
Additional information
The topographical method is performed by summation of two measurements: 1) the distance from the corner of the mouth to the mandibular angle and 2) the distance from the mandibular angle to the manubrium center at the sternal notch. Method to measure the ETT tip to carina distance. The fiberoptic bronchoscope was inserted through the ETT with the tip touching the carina and a tape flag was placed to mark distance zero (Fig. 1a) ; The fiberoptic bronchoscope was moved to the position of the ETT tip and the displacement of the flag from the zero position measures the distance between the carina and the ETT tip on the centimeter scale (Fig. 1b) .
After final ETT placement, methods for confirmation of endotracheal intubation included auscultation for equal bilateral breath sounds, visual confirmation of bilaterally equal chest excursions, and end-tidal carbon dioxide assessment via capnography. Minimal occlusive volume of the ETT cuff was confirmed by an audible air leak at airway pressures greater than 20 cmH2O.
Statistical analysis
Data were analyzed using SPSS 20.0 (IBM). All data between the 21/23 and topographical methods of endotracheal tube placement were analyzed to represent outcome comparisons. The normality and variance of the group distributions for continuous variables were first assessed using the overall Friedman's Test, followed by the Wilcoxon Signed Ranks test for related groups and the Mann-Whitney U or t-test for independent groups where appropriate. The McNemar paired proportion test was used to compare the percentage of intubations that fell outside of the desired range between the 21/23 method and topographical measurements. The topographical methods were compared to the 21/23 method using a single sample test of the values 21 and 23 (for women and men, respectively). Finally, the Chi-Square test was used to compare the gender groups. Continuous variables and intubation depth by method are expressed as mean ± standard deviation and 95% Confidence Intervals where appropriate. Intubation depths by methods are represented as mean ± standard deviation (95% confidence interval). P Values <0.05 were considered statistically significant.
Sample size calculation
In the study by Evron and colleagues [6] , a reported 20% difference between the 21/23 and the topographical intubation methods was used to calculate the power for our study. Sample size calculations indicated that a total sample size of n=100 would be necessary to have 80% power to detect a difference in means of -0.54 (assuming 21/23 method mean= 2.7, topographical method=3.24 and a standard deviation of differences of 1.9) with an alpha level =0.05.
Results
Demographic variables
We prospectively collected data on 100 patients and all patients completed the study. There was 1 bronchial intubation using the 21/23 method but no occurrences of aspiration observed. Airway assessments on all participants did not exhibit any complications associated with the HVLP polyurethane cuffed ETTs. There was no statistically significant difference with age, height, weight, or body mass index (BMI) between genders ( Table 1) . Table 2 represents topographical measurements and fiberoptic measured values. Topographical measurements from the corner of mouth to mandibular angle and total topographical distance were significantly larger in men than women (P <0.001 and P = 0.005, respectively). Distance from vocal cords to gum line, measured at incisors were also found to be significantly larger in men when compared to women (P = <0.001). We found no relationship between the topographical measurements and the distance between the upper incisors and the vocal cords, revealing no correlation (Fig. 3 ).
Topographical measurements and fiberoptic measured values
Intubation Depths
Intubation depths and percentage of malpositioned ETTs are displayed in Table 3 . The insertion depth was significantly different between the 21/23 method and the topographical measurements for both women and men (P = 0.008 and 
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<0.001, respectively). Overall, the percentage of ETTs falling out of the desired tip to carina range was significantly different between the two methods (29% for 21/23 vs. 47% for topographical, p=0.01). Topographical Results expressed as mean ±SD (95% CI), *= p < 0.05 is statistically significant Figure 4 represents the distribution of the ETT tip to carina distance for the 21/23 method and topographical measurements. 
Discussion
One major safety factor for mechanically ventilated patients is in the ability of ETTs to migrate in the trachea following patient movement [12] [13] . Bronchial intubation following tube migration towards the carina or vocal cord impingement following the migration into the vocal cords may result from an improperly placed ETT. Our study design was modeled on the study described by Evron et. al [6] . They performed a novel study that evaluated the topographical method as an alternative ETT insertion method. Following fiberoptic inspection, 58.5% of ETT tips were placed too close to the carina (< 3 cm) using the 21/23 method; compared to 24% using topographic measurements (P = 0.0001) [6] . Despite these findings, the optimal ETT location was set to a "best fit" distance of 4 cm proximal to the carina. Our group elucidated this limiting factor by comparing these same two methods to a desired ETT tip to carina range of 2-4 cm, which we believe to be more clinically relevant. The current study failed to replicate the previously described benefits of external topographical landmarks as an accurate measurement for ETT placement. In fact, topographical measurements resulted in a significantly greater percentage of intubations outside the desired tip to carina range compared to the 21/23 method. We observed that the topographical measurements do not accurately replicate the ETTs pathway and may overestimate the desired intubation depth. Furthermore we found no correlation between topographical measurements and airway length (Fig. 3) . We believe that increased neck size due to obesity limits the accuracy of this method. We did not observe any complications with the HVLP ETTs used in this study. The 21/23 method placed the tubes in an acceptable range in most patients. The topographical measurements however had a large range in intubation depths (-0.5-8 cm) (Figure 4 ). Had these depths been utilized, migration away from the carina would have likely induced vocal cord impingement, especially due to the longer cuff length of polyurethane HVLP ETTs [10] . In adults, multiple methods have been described for selecting the insertion level of an endotracheal tube (ETT) [3] [4] [5] [14] [15] [16] [17] [18] [19] [20] [21] . Owen et. al and Roberts et. al found positive outcomes with the 21/23 insertion method. Both studies analyzed critically ill patients and assessed the ETT position via chest x-ray. For the ideal ETT tip to carina distance, Owen et. al utilized 5 ± 2 cm from the carina (Goodman's criteria) [22] to maintain a safe distance inside the trachea. The results revealed a significant reduction in endobronchial intubations (p<0.001) [3] . Conversely, Roberts et. al used >2 cm from the carina for the proper placement of the ETT and concluded that placing the ETT according to the 21/23 method resulted in 97.6% correct placement [14] . More recent studies have found less beneficial results with this method suggesting this method should not be considered a more reliable method than the topographical measurements. The occurrences of malpositioned ETTs have been correlated to patient height. In one study, the 21/23 method was evaluated in a shorter population [4] . Thirty-three percent of the intensive care patients had malpositioned ETTs in reference to Goodman's criteria. In 30 cases the ETT was noted to be < 3 cm from the carina. These 30 patients were found to be significantly shorter (p = 0.01) when compared to the remaining study population. Cherng et. al [23] demonstrated a strong correlation with body height and airway length (R= 0.7925, carina to mouth angle height vs. body height) and derived a formula for obtaining optimal ETT length [(cm) = (body height (cm)/5)-13]. Our study revealed only a moderate correlation between height and airway length (R = 0.510).
Limitations
A possible limitation to our measurements was not standardizing the ETT size. However, the majority of men (n=40) utilized a size 7.5 ETT and the majority of women (n=39) utilized a size 7 ETT (Table 1 ). In addition both insertion methods were evaluated on all tubes, thus expected impact is minimal. A second limitation is not actively intubating all patients based on the topographical measurements. However, we accurately calculated the correct tip to carina distance from the topographical measurements without unnecessarily re-intubating the patients.
Conclusion
We have demonstrated that neither the 21/23 method nor the topographical measurements are reliable for estimating proper ETT intubation depth. We therefore conclude that fixed distances are not accurate predictors for the proper placement of an ETT and add potential risk to patients. We maintain that the gold standard to ensure accurate ETT placement should be performed by placing the ETT cuff below the vocal cords following fiberoptic inspection. Perhaps it is most appropriate to quote the pioneers of the 21/23 method when they said, "No method of doing anything in medicine is fool-proof." [24] 7
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